Summary
Introduction
In the USA, 8% of infants and toddlers are affected by overweight, and 17% of children are affected by obesity with rates higher in racial/ethnic minority children (1) . Further, 7 of the 10 states with the highest rates of children with overweight/obesity are in the South with Mississippi ranking third (37%) nationwide (2) . The prenatal through early childhood periods are likely key to the development and thus prevention of obesity and its consequences in children (3) . During the first year of life, modifiable risk factors for childhood overweight include maternal prepregnancy overweight, high infant birth weight and rapid weight gain, formula feeding, and early introduction of solid foods (4) . Thus, lifestyle interventions designed for both the gestational period (i.e. promotion of appropriate gestational weight gain) and the early postnatal period (i.e. promotion of breastfeeding and solid food introduction after 6 months of age) may have a positive impact on childhood overweight/obesity.
The Delta Healthy Sprouts Project was designed to compare the impact of two maternal, infant and early childhood home visiting curricula on weight status, dietary intake, physical activity and other health behaviours of women and their infants residing in the rural Lower Mississippi Delta region of the USA. This region was chosen because it is characterized by high rates of infants with low birth weight, preterm infants, child poverty and childhood overweight/obesity (5) . Infant diet, activity and sleep outcomes are being reported elsewhere. The primary objective of the paper was to determine if infant growth outcomes differed between treatment arms. Secondary objectives were to explore associations among infant characteristics and growth outcomes. It was hypothesized that infants born to participants in the experimental arm of the intervention would have improved growth outcomes (i.e. experience less overweight and/or rapid weight gain) as compared with infants born to participants in the control arm of the intervention.
Methods

Design
Delta Healthy Sprouts, an 18-month, randomized, twoarm, parallel, controlled trial, was designed to evaluate the impact of the Parents as Teachers ® (PAT, control)
curriculum as compared with a nutrition and physical activity enhanced PAT curriculum (PATE, experimental) on the primary outcomes of maternal gestational weight gain and postpartum weight control and childhood obesity prevention. Participants were randomly assigned to one of the two treatment arms (PAT [n = 43] Target enrolment was 75 women in each of the two treatment arms. This sample size was based on the following assumptions: 20% attrition rate, 15% of infants in the control arm classified as obese in their first year of life and a 12% difference between treatment arms for percentage of infants classified as obese during their first year of life. Power and sample size calculations for gestational weight gain within the Institute of Medicine recommendations and 12-month postnatal maternal weight loss also were performed (5). Recruitment was stopped prior to reaching these numbers due to unexpected difficulties recruiting pregnant women meeting study criteria and fiscal reasons. Data collection was completed in May 2016.
Because infant growth outcomes were the primary focus of the paper, analyses were conducted only for the postnatal cohort (participants who completed the gestational period and had at least one visit in the postnatal period; n = 54). Figure 1 illustrates the flow of Delta Healthy Sprouts participants through all study phases.
Intervention
The PAT control arm followed the nationally recognized, evidence-based Parents as Teachers® curriculum, which included one-on-one home visits, optional monthly group meetings, developmental screenings and a resource network for families. The program seeks to increase parental knowledge of child development, improve parenting practices, provide early detection of developmental delays, prevent child abuse and increase school readiness (6) . Using the PAT model, Parent Educators provided mothers with evidence-based information and activities during monthly home visits. Materials were responsive to parental information requests and tailored to the child's age.
The PATE experimental arm built upon the PAT curriculum by adding culturally tailored, maternal weight management and early childhood obesity prevention components. The PATE curriculum was guided by theoretical underpinnings of the social cognitive theory (7) (e.g. maternal modelling of positive health behaviour) and the transtheoretical model of behaviour change (8) (e.g. information to positively affect attitudes and decisional balance and encouragement for engagement in healthy behaviours to improve self-efficacy). Foundational elements from the Diabetes Prevention Program, including a culturally sensitive, individualized educational curriculum taught on a one-to-one basis, also were incorporated (9) . Additional elements included anticipatory guidance and parenting support (10) . Anticipatory guidance involves providing practical, developmentally appropriate, child health information to parents in anticipation of significant physical, emotional and psychological milestones (11) . Parenting support emphasizes children's psychological and behavioural goals, logical and natural consequences, mutual respect and encouragement techniques (12) .
Intervention components of the PATE arm included appropriate weight gain during pregnancy and weight management after pregnancy, nutrition and physical activity in the gestational and postnatal periods, and parental modelling of healthful nutrition and physical activity behaviours. Monthly lesson topics included breastfeeding (GM 8 and GM 9 visits), mixed and formula feeding (GM 9 visit), infant feeding cues (GM 9 and PM 1 visits), tummy and confinement time for infants (PM 1 visit), appropriate introduction of solid foods (PM 3 and PM 4 visits), family play time and decreased TV time (PM 6 visit), toddler feeding (PM 8 visit) and healthy, toddler friendly meals and managing toddler food rejection and demands (PM 10 visit). Postnatal lessons also included maternal weight loss charts, infant growth charts, hands-on activities, instructional DVDs, and goal setting and barrier reduction for both diet and physical activity.
At each monthly postnatal visit, the infants' growth was plotted on World Health Organization sex-specific 
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Infant growth from birth to 12 months J. L. Thomson et al. 301 reference curves for length-for-age and weight-for-age percentiles. Subsequently, Parent Educators interpreted and discussed the infant's growth with the mother. If the infant's weight-for-age or length-for-age were between the 5th and 95th percentiles, the mother was told that her infant was growing at a healthy rate. If the infant's weight-for-age or length-for-age were less than the 5th percentile, the mother was told that her infant was growing at a low rate and recommended she consult her infant's pediatrician to monitor the infant's growth. If the infant's weight-for-age or length-for-age were greater than the 95th percentile, the mother was told that her infant was growing at a high rate and strategies to slow her infant's growth rate were recommended. These recommendations included using non-food soothing strategies, allowing self-regulation of food intake, waiting to introduce juice or sugar-sweetened beverages until after 12 months of age and providing more tummy time and floor play.
Parent Educators were African American, college educated women residing in the target communities who completed the onsite PAT foundational training program. Parent Educators were trained to deliver the nutrition and physical activity lessons and to enroll and collect data from participants, including dietary intake, by PhD level senior research staff members who were certified master trainers in the Nutrition Data System for Research software (versions 2012, 2013, 2014, University of Minnesota Nutrition Coordinating Center, Minneapolis, MN, USA). The PAT and PATE lessons were approximately 60-90 and 90-120 min in length, respectively. All participants received incentives (e.g. gift card, diapers, and baby bottles, books and toys) at every visit. A comprehensive description of the Delta Healthy Sprouts Project, including additional details regarding study methodology, lesson plan outlines and Parent Educator training, has been published elsewhere (5) .
Measures
Anthropometric measures obtained on the infants included length and weight, which were measured in duplicate if the two measures agreed or in triplicate if the two measures did not agree. For analytic purposes, the measures were averaged. Length was measured using an infantometer (model seca 416, seca, Birmingham, UK). Weight was measured using a digital scale (model SR241, SR Instruments, Tonawanda, NY, USA) with the infant dressed in a diaper only and held in the mother's arms (mother's weight zeroed out). Infant length and weight were measured at each postnatal visit. Infant weight-for-length and weight-for-age percentiles and z-scores were computed based on World Health Organization reference growth curves for sex and age (13) .
Anthropometric measures obtained on the mothers at the baseline (GM 4) visit included height, which was measured in duplicate using a portable stadiometer (model 217, seca) and weight, which was measured using a digital scale. Both measures were performed without shoes or heavy clothing. Pre-pregnancy body weight was self-reported. Body mass index was calculated as weight (kg) divided by height (m) squared where height was averaged if the two measurements differed. Weight also was measured at each of the 17 subsequent (5 gestational and 12 postnatal) visits.
Multiple pass 24-h dietary recall data for the infants were collected from the mothers at each postnatal visit using Nutrition Data System for Research software. Adherence to the American Academy of Pediatrics infant feeding recommendation pertaining to no solid foods before 6 months of age was determined based on these recalls. This recommendation was chosen because it has been associated with infant weight outcomes in a systematic review with an associated meta-analysis (4).
Breastfeeding initiation and duration and infant sleep duration were collected from the participants via electronic surveys. Breastfeeding initiation was assessed at the PM 1 visit by recording the participant's response to the question 'Are you currently breastfeeding?' If the response was 'yes' or 'no -stopped', then breastfeeding was considered initiated. Breastfeeding duration was not included in the current analysis because so few participants were currently breastfeeding at the PM 1 visit (14) . Infant sleep duration (time spent sleeping in a 24-h period including naps) was collected at each postnatal visit and included six responses ranging from <8 to ≥16 h in 2-h time intervals. These six responses were used to classify infants' sleep as aligned or not aligned with the National Sleep Foundation's age-specific recommendations at each time point. The sleep duration recommendations are 14 to 17 h for newborns (0 to 3 months) corresponding to survey responses 5 and 6 (14 to more than 16 h); 12 to 15 h for infants (4 to 11 months of age), corresponding to survey responses 4 and 5 (12 to less than 16 h); and 11 to 14 h for toddlers (1 to 2 years of age) corresponding to survey responses 3 through 5 (10 to less than 16 h) (15) . Breastfeeding initiation and infant sleep duration were included in these analyses because they have been associated with child weight outcomes (4, 16, 17) .
Participants provided information regarding sociodemographic characteristics, Supplemental Nutrition Assistance Program (SNAP) and WIC participation, health history and current health conditions at baseline. At the first postnatal visit, participants provided information regarding birth outcomes. Details regarding other measures and questionnaire data that were collected but are not relevant to the present paper have been published elsewhere (5). All measures and questionnaires were collected or administered by Parent Educators using laptop computers loaded with relevant software (Snap Surveys, version 11.20, Snap Surveys Ltd, Portsmouth, NH, USA).
Statistical analyses
Infant growth outcomes were modelled as time-toevent data (survival analysis) because conventional methods (e.g. logistic or linear regression) ignore information about the timing of events, cannot handle censored observations and often cannot properly account for unusual distributions of time-to-event data. Infant overweight was defined as >97.7th percentile of weightfor-length (2 standard deviations > median) (18) . Rapid infant weight gain (RIWG) was defined as an increase, from birth, in weight-for-age z-score above 0.67 standard deviation (19) . The infant's age (in months) at the time his or her growth first met these criteria was used as the time to the event of interest (overweight or RIWG). Observations were considered censored if the participant dropped from the study prior to the PM 12 visit or the infant did not experience the event at study end.
Kaplan-Meier survival curves using the product-limit method were used to estimate median survival times. Log-rank tests were used to determine if survival curves differed between treatment arms or between values of specific household and infant characteristics. Survival analysis represents the most appropriate statistical methods available to handle time-to-event data, especially when censoring is involved (20) . Treatment, SNAP participation, infant gender, breastfeeding initiation, introduction of solid foods before 6 months of age and alignment with age-specific sleep duration recommendations were modelled as strata in separate models. Covariate adjustments were not performed in the model testing for treatment arm differences because of small sample sizes. Only one infant's sleep was 100% aligned with recommendations. Hence, a cut-off value of 80% (≥80% vs. <80% of responses in alignment) was used because it provided a sufficient division for analytic purposes. SNAP participation and infant gender were modelled because these characteristics differed between treatment arms. Median survival times and 95% confidence limits were computed using a log-log transformation.
Results
Postnatal retention rates for PAT and PATE treatment arms were 83% (25/30) and 88% (21/24) (p = 0.668). Mean number of postnatal visits was 10.2 and 9.9 (p = 0.717) for PAT and PATE participants. Table 1 displays the comparisons between treatment arms for maternal socio-demographic and anthropometric characteristics of the postnatal cohort. Significant differences between PAT and PATE participant characteristics at baseline were not found with the exception of percentages receiving SNAP benefits (food and nutrition assistance for low-income individuals and families). More PAT participants (87%) received SNAP benefits as compared with PATE participants (63%). The majority of PAT and PATE participants were African American, single and receiving WIC. Additionally, mean post-pregnancy body mass index was in the obese category for both treatment arms. Table 2 displays the comparisons between treatment arms for infant socio-demographic, behavioural and birth characteristics. Significant differences between PAT and PATE infant characteristics at birth were not found with the exception of gender. More PATE infants were female (58%) as compared with PAT infants (30%). The majority of PAT and PATE infants were fed formula within the first 24 h of birth, and half or less were ever breastfed. Mean weight-for-length birth percentiles were 56.6 and 46.1 for PAT and PATE infants. Table 3 displays the results of the time-to-event analysis for infant growth. Approximately three-fourths of infants in both treatment arms were classified as overweight and experienced RIWG during the first 12 months of life. Median times to overweight and RIWG were 3 and 7 months, respectively, for PAT infants and 4 and 6 months, respectively, for PATE infants. Treatment differences were not apparent for either of the infant growth outcomes. None of the household or infant characteristics tested were significantly associated with time to overweight. However, both SNAP participation and alignment with expert recommendations for sleep duration were significantly associated with time to RIWG. The majority, 71% and 85%, respectively, of infants who did and did not live in households receiving SNAP benefits experienced RIWG and median event times were 8 and 6 months, respectively. Fifty-five per cent and 80%, respectively, of infants whose sleep duration was and was not aligned with expert recommendations Obesity Science & Practice Infant growth from birth to 12 months J. L. Thomson et al. 303 experienced RIWG and median event times were 11 and 6 months, respectively.
Discussion
To the authors' knowledge, this is the first paper to present infant weight outcomes as time-to-event outcomes rather than percentages representing one specific point in time. Study results indicate that treatment differences were not observed between PAT and PATE infants for overweight classification and RIWG during the first 12 months of life. Arguably more concerning than this study's lack of effect is that 74% of infants experienced overweight within their first year of life, five times the amount expected (21) , and overweight was occurring prior to 4 months of age. Clearly, implementation of effective lifestyle interventions in this region of the country is paramount to improving the health of its residents, particularly during childhood.
In contrast to the current study's findings, infants in the Intervention Nurses Start Infants Growing on Healthy Trajectories responsive parenting group were less likely to be overweight at 1 year of age as compared with control infants (5.5% vs. 12.7%) (22) . Likewise, a significantly smaller percentage of Nurse-Family Partnership infants was classified as high weight-for-length as compared with WIC infants (15.5% vs. 17.5%) at 24 months of age (23) . Similar to the current study, no differences in overweight were observed between infants whose mothers participated in a prenatal nutrition intervention and control infants (17% vs. 15%) (24) . Again, the comparison of infant overweight percentages between the current study and these other programs, particularly Nurse-Family Partnership and WIC, which serve pregnant women and their children at high risk for adverse health outcomes, is alarming.
The relationship between obesity and short sleep duration in children has been previously reported in the literature (25) . A meta-analysis of prospective cohort studies found evidence that sleep duration may be inversely and longitudinally associated with risk of overweight/obesity in children (16) . Additionally, significant inverse associations between infant nighttime sleep and physical growth, even after controlling for potential confounders (i.e. sex, infant birth weight, breastfeeding, sleep position and parental education), were found in infants 6 months of age (17) . However, this is the first study to suggest an association between RIWG, a risk factor for later childhood and adult obesity (3), and insufficient sleep in infancy. This finding provides further evidence supporting the importance of adequate amounts of sleep for infants and the inclusion of infant sleep recommendations in future Based on World Health Organization age-specific and sex-specific growth curves for children. 
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Infant growth from birth to 12 months J. L. Thomson et al. 305 interventions for preventing the onset of RIWG in populations at risk for childhood obesity. The lack of effect on infant growth outcomes apparent in the Delta Healthy Sprouts trial may be attributed to several factors including prevalence of socioeconomic disadvantage in this region, lack of intervention effect on maternal weight outcomes and cultural beliefs or traditions. Given participants' basic needs, such as stable housing and/or safe living conditions, food security, dependable transportation, and enduring telephone service, discussions concerning weight, diet, exercise and infant growth may have been somewhat underwhelming or overwhelming for participants. Additionally, significant differences between treatment arms were not found for either gestational weight gain or maternal weight loss in the postnatal period (26, 27) . The lack of effect may be at least partly attributed to the tendency of African American women to evaluate their attractiveness independently of perceived weight (28) , and this behaviour may extend to weight perceptions of their children. Finally, cultural traditions in the South such as family consumption of 'soul foods' can increase the risk of obesity in African American children (29) .
The current study had a number of strengths including its longitudinal design, use of time-to-event analysis for infant growth and the population studied. However, several limitations bear mentioning. With the exception of the anthropometric measures, information was self-reported, and data collection was not blinded. Additionally, the sample size was small, which may have limited the ability to detect meaningful associations with infant growth outcomes. Difficulties with recruitment included low rates of referral by prenatal healthcare providers and most local WIC and health department nutritionists, relocation of a healthcare clinic to a smaller building that could not accommodate onsite recruitment by research staff, and competition for this population of pregnant women by other programs operating in the same area. Difficulties with retention were mainly attributed to the gestational period during which 100% turnover of the Parent Educators resulted in the largest loss of participants. It is possible that the length of the lessons also may have adversely affected retention.
In conclusion, as compared with the standard PAT curriculum, the diet and physical activity enhanced PATE curriculum was not effective at improving growth outcomes of infants born to this cohort of rural, Southern, primarily African American women. Given the majority of infants experienced adverse weight outcomes in the first year of life, concerted efforts are needed to break the intergenerational cycle of obesity present in this region of the nation.
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